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Abstract

Background: Teenage is an important stage for brain development,
with significant impacts on education and health. Exploring how
high-intensity interval training (HIIT) affects cognitive function in this
population is crucial to comprehending how HIIT can improve
general well-being and academic performance.

Objective: To determine the effects of high-intensity interval training
on cognitive flexibility among female teenagers

Methodology: A randomized clinical trial was conducted on n=40
female participants between 13-19 years without any serious
medical, physical, and psychological illness for 6 months. All
participants (n=40) were randomly divided into experimental (HIIT)
and control groups equally. The protocols were performed in 4 mins
in the first three weeks, 8 mins in the 4t to 6" week, and 12 mins in
the 7t and 8t week, with sessions thrice a week. Data on cognitive
flexibility was collected at baseline, after 4™ week and 8t week from
both groups through Digit Span (DST).

Results: With-in group analysis the experimental group showed
significant improvement (p<0.001) at each level of assessment of
DST (forward and backword) till the 8th-week session with large
effect size whereas the non-significant improvement (pz0.05) has
been observed in control group. For between Group Analysis,
significant results (p<0.001) were obtained in experimental group
for DST (forward and backward) after 4" week and at the end of
intervention after 8t week as compared to control group.

Conclusion: It is concluded that the high-intensity exercise training
program is beneficial for female teenagers to enhance their physical
strengthening along with their cognitive abilities.

Keywords: cognitive flexibility; digit span; exercise, high-intensity
interval.
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INTRODUCTION

Cognitive flexibility is the ability to adapt one's
cognitive processing strategies to new and
unexpected environmental situations. [1, 2].
Automating skills is the primary objective of most
skill training programs to expedite performance and
free up cognitive resources for other task demands.
Automation of skill can, however, be linked to
cognitive rigidity and mistakes in performance[3, 4].
Different training programs have therefore been put
forth to address performance issues brought on by
automation and high-interval training programs help
to achieve automation with the best results among
different training programs [5].

Enhancing cognitive function has positive
benefits on the body and mind of women since it is
linked to increased resistance training and physical
activity levels [6]. The higher incidence of mental
health problems that manifest in adolescence may
also be attributed to the loss in physical activity. It
has been proposed that girls' cognitive performance
may be enhanced by completing a high-intensity
interval training program[7].

For both athletic and general/recreational
populations, high-intensity interval training is
currently highly advised, with the main goal being
the improvement of aerobic power[8] In order to
improve young people's physical health, high-
intensity interval training (HIIT) has become a viable
and effective approach [9, 10]. Vigorous-intensity
exercise enhances cognition more than moderate-
and light-intensity exercise, according to recent
systematic evaluations conducted on school-aged
kids [11].

Females show lacking in verbal communication,
perceptual or thinking speed, accuracy, and fine
motor skills. In terms of assertiveness, stress
tolerance, and self-esteem or confidence, men tend
to score higher than women. This shows that
emotional intelligence may be a factor in the gender
gap in leadership. In the workplace, these
distinctions  frequently  favour men  and
disadvantage women [12].

As physical fitness levels are associated with
improved cognitive performance[6] and there is
limited literature on high-intensity interval training
for female teenagers for improving cognition
between the age group of 13 to 19 years. Therefore,
the purpose of this study is to evaluate the effect of
8 weeks of high-intensity interval training on
cognitive flexibility in female teenagers in a specific
age group to overcome deficits further.

METHODOLOGY

Study Design: A randomized clinical trial
(NCTo5873478) was conducted at the Royal
Institute of Physiotherapy and Rehabilitation
Sciences  (RIPRS/20220716-1), Hidayat campus
Sukkur, Pakistan, for a time duration of 6 months
from July 2022 to December 2023. The study was
initially approved by research and ethical committee
(REC) of Riphah International University, Islamabad
(Riphah/RCRS/REC/Letter-01497). Written informed
consent was taken from the students and as well as
from their parents before the study.

Participants: the inclusion criteria were teenage
females (13 to 19 years of age) without any serious
medical illness whereas those with physical or
psychological illness were excluded from the study.

Enrollment | Assessed for eligibility (n=40) l

Excluded (n=0)
o Not meeting inclusion criteria (n=0)
 Declined to participate (n=0)

Randomized (n=40)

I |

Experimental (n=20)
e Receive HIIT Program (n=11)
* Do not received allocated intervention

Loss of follow-up (n=20)
« Discontinued intervention (n=0)

e Analysed (n=20)
e  Exclude from analysis (n=0)

Control (n=20)
* Receive any intervention (n=0)
* Do notreceived allocated intervention

Follow-up

Analysis
A

4

Loss of follow-up (n=20)
e  Discontinued intervention (n=0)

* Analysed (n=20)
*  Exclude from analysis (n=0)

Figure 1: CONSORT Diagram

Sample Size: Using G power, a sample size of
n=40 was determined, with an a error margin of 0.05
and a small effect size of 0.25. To mitigate the risk of
B mistake, a power (1-B) of 0.93% was chosen. The

participants were randomly divided into two groups
i.e., the Experimental group (n=20) and the Control
group (n=20) (Figure 1).
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Randomization: A computerized random
number generator was used to randomly choose the
participants using the sealed envelope approach. A
person not directly involved in the study completed
the random assignment sequence. Prior to the
investigation, sequential random numbers were
written on index cards and put in thick, opaque
sealed envelopes. The treating physiotherapist
opened the envelope and administered the
appropriate intervention to the patient after getting
approval from the participants' legal guardians or
next of kin. The evaluating physiotherapist was
unaware of the participant's intervention, so the
trial was single blinded.

Intervention: The HIIT sessions ranged from 4-12
minutes in duration for 8 weeks in which three
sessions were conducted each week (weeks 1-3: 4
minutes; weeks 4-6: 8 minutes; weeks 7-8: 12
minutes respectively), with a work to rest ratio of
30sec: 10sec, as mentioned in table 1. The
experimental group/HIT group engaged in their HIIT
sessions (inclusive of a short warm-up activity
including dynamic exercises i.e., walking/running, 8-
10 minutes of HIIT, and cool down which includes
static exercises i.e., shoulder and hip muscle
stretches). Session duration and intensity were
increased with weekly progression in intervention

groups. The high-resistance training sessions were
delivered by the researcher to the HIT group, as
mentioned in Table 1

Experimental Group: High-Intensity Interval
Training (HIIT): Participants complete HIIT sessions
that include bodyweight resistance training
exercises (e.g., walking lunges, walk sit, sprinting in
place, planks, and jumping jacks & skipping, etc). For
example, the HIIT work phase includes the following
sequence of resistance exercises (30-second walking
lunges, 10-second rest then 30-second sprinting in
place, 10-second rest & 30-second planks, 10-second
rest intervals, etc.) All the exercises as mentioned in
Table 1, were performed by the participant
beginning with low-intensity exercise and then
progressing to high-intensity training from week 1to
week 8, in this pattern repetition and sets increase
every week, with 10-sec rest duration required after
every set and proper warm up and cool down is
mandatory for every session. Progression in
repetition sets in every week with 10-sec rest after
every session, 10 minutes warm up & cool down
following 3 sessions per week

Control Group: Participants in the control group
were not bound to do any specific activity; they all
were engaged in normal daily routines.

Table 1: Detail Intervention Protocol (High-intensity training)

Weeks Time (min.) HIT Repetition and sets  Intensity
Walking Lunges 15X2
t week Wall Sit 15X2 Low
Sprinting In Place 15X2 intensity
Ankle Hoops 15X2
Walking Lunges 20X2
nd 4 minutes for Wall Sit 20X2 Low to
2" week ; - ;
each Exercise Sprinting In Place 20X2 medium
Ankle Hoops 20X2
Walking Lunges 30X2
. Ankle Hoops 30X2 .
3 week Sprinting In Place 30X2 Medium
Planks 30x1
Walking Lunges 30X2
Box Jump 40X2 .
4" week Sprinting In Place 40X2 Medium
Planks 50X1
Walking Lunges 40X2
5% week 8 minutes for Box Jump 40X2 Medium
each Exercise Sprinting In Place 40X2 to High
Planks 60x1
Walking Lunges 40X2
" Box Jump 40X2 Medium
6% week Jump Squats 60X2 to High
Planks 60x1
Walking Lunges 60X2
Box Jump 60X2
7t week Jump Squats 60X2 High
Planks 60x1
12 minutes for Alternate Lunge Jumps 40X2
each Exercise Walking Lunges 60X3
Box Jump 60X3
8th week Jump Squats 60X3 High
Planks 60x2
Alternate Lunge Jumps 40X3
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Outcome Measures: Digit Span (DST) was used for
the assessment of female teenagers’ cognition
during training. Digit Span (DGS) is a measure of
verbal short-term and working memory that can be
used in two formats, Forward Digit Span and
Reverse Digit Span. This is a verbal task, with stimuli
presented auditory, and responses spoken by the
participant and interpreted accordingly [13]. Reliable
Digit Span Cutoff Scores of <7 and <6 From the
Personal Database show 90% and 88% specificity in 10
to 12 years of age [14].

Statistics: For the interaction effects, mixed
ANOVA was analyzed. the main effects were
measured through Repeated measures ANOVA for
with-in  group changes along with pairwise
comparison and independent t-test used for
between the group differences in the DST score. The
data was analyzed by using SPSS version 21. The
p<0.05 was considered a statistically significant.

RESULTS

A total of n=40 female teenage participants
with the Mean age was 17.37£.89 years. All
participants were in normal BMI range with mean
BMI of 20.10+0.99 kg/m?2.

As the sphericity was not assumed, the
Greenhouse-Geisser values showed that there is a
significant interaction effect between interventions
and time factor for DST (Forward) {F=
140.26(1.72,64.68), p<0.001, Np?=.787} as well as for
DST (Backward) {F= 54.59(1.38,52.63), p<0.001,
np*=0.59}. (Figure 2)

In the With-in group analysis the experimental
group showed significant improvement (p<0.001) at
each level of assessment of DST (forward and
backword) till the 8th-week session with large effect
size whereas the non-significant improvement
(p2z0.05) has been observed in control group. (Table

2)

For between Group Analysis, an independent t-
test was run and significant results (p<0.001) were
obtained in experimental group for DST (forward
and backward) after 4t week and at the end of
intervention after 8" week as compared to control
group. (table 3)

16— Groups 14— / Groups
— Experimental y — Experimental
Control / Control
12— 4
14— /
» s
—_ 4 — 107 /
= / = /
E 12— / E /
8— /
//
10— i /
6— /'/
]
8— 4
T T T T T T
Baseline a4thweek  8th week Baseline 4thweek  8thweek
a: Forward b: Backward
Figure 2: Interaction Effect Between Intervention and Time Factor
Table 2: Repeated Measure (Within Group) For DST
Mean SD MD/F4s) p-value np?
Baseline  10.25 2.04 -2.950 0.0012"*
. Experimental  4tweek 13.20 1.82 -2.450 0.00Qb*** 0.73
Digit span forward m e
tost 8thweek  15.65 .58 52.30(1.38, 26.25) 0.00
Baseline  9.05 1.90 0.20 0.312
Control 4thweek  8.85 2.00 0.00 1b 0.133
8thweek 8.85  2.00 2.92(1,19) 0.104¢
Baseline  5.65 1.69 -4.850" 0.00%"™*
Experimental  4thweek 10.50 2.1 -3.400 0.00™* 0.88
Digit Span Backward 8thweek 13.90 .30 150.11 (1.69,32.13) 0.00¢**%*
test Baseline  5.25 1.99 0.05 12
Control 4thweek  5.20 1.82 0.00 1P 0.005
8thweek  5.20 1.82 0.08(1,19) 1

20 week vs. week 4, Pweek 4" vs. week 8, ‘week 0 vs. week 8t; Significance Level: p<0.001

Deviation; MD-Mean Difference; df-Degree of Freedom; np* Partial Eta Square

Hkk

, P<0.001** & p<0.05*; SD-Standard
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Table 3: Independent t-test between the groups for DST
Groups Mean SD MD p-value Cohen’s d
Experimental 10.25 2.04
Baseline 1.2 0.06 0.61
Digit S Control 9.05 1.9
igit Span
Experimental 13.2 1.82
ZESt & 4t week Coztrol 8385 2 4.35 0.00%%* 2.34
orwar .
Experimental 15.65 0.58
th k 8 . *%% .
hweek o trol 8.85 > 6 000 3-56
E i tal .6 1.6
Baseline Xperimenta 2-95 2 0.4 0.49 0.27
Digit S Control 5.25 1.99
gt >pan Experimental 10.5 2.1
Test 4th week 5.3 0.00%*%* 3.60
(Forward) Control 5.2 1.82
Experimental 13.9 0.3
th k . . *%% .
8% wee Control 5.2 1.82 8.7 000 470

Significance Level: p<0.001™, p<0.001** & p<0.05*; SD-Standard Deviation; MD-Mean Difference

DISCUSSION

The current study examined the effects of high-
intensity interval training (HIT) performed for 8
weeks on cognitive flexibility performance among
female teenagers belonging to the age range 13 to
19 years. The data showed how HIIT significantly
enhanced cognitive flexibility, which was based on
the result of the digit span test (DST), and that a
control group engaged in regular daily routines had
lower scores. This evidence suggests that HIIT can
be a good method of enriching the cognitive
function of females during adolescence.

Evidence indicates that regular physical activity
and high-intensity interval training improve physical
strengthening and corresponding improvements in
cardiopulmonary physical fitness that result in an
increase in cerebral perfusion and vasoreactivity
across the human lifespan. The betterment of
cerebral perfusion leads to better cognitive ability
and mental health [15].

The study's results further support the previous
status on the benefits of physical activity to brain
health [16]. HIIT, in which young people do efficient
exercise and jogging for small periods and then have
little time for rest, makes a positive impact on
aerobic fitness and physical health outcomes in
youth. This research, by coincidence, extends the
findings of cognitive flexibility which is a key aspect
of cognitive functions as a kind of problem-solving
situation.

The breakthrough regarding cognitive flexibility
that was detected in the youth population is very
remarkable [17]. Throughout the teenage years, the
brain functions grow and mature. Therefore,
interventions that provide cognitive improvement in
this period, can turn up to be lifelong improvements
that shape academic performance and general
sensitivity. The research's results show that HIIT
might be considered an effective way of keeping an
adolescent's brain functional.

It is still unknown how working out in intervals
helps the cognitive function of the brain; possible
effects could be changes in the brain structure and
function. Evidence supports the existence of
neurotrophic factors, for example, brain-derived
neurotrophic factors, which are commonly referred
to as BDNF, one of the factors that contribute
heavily to the growth and survival of nerve cells [18,
19]. HIT may also stimulate cerebrovascular
functions, thus increasing blood flow and oxygen
supply to the brain which is represented as
necessary elite cognitive functioning [20].

The mental health was observed by evaluation
of the level of alertness in the questionnaire and
significant improvements were observed in the
mental health of the female participants in the
current study. Similar results were obtained by the
researcher who conducted research on the adults
and school-going students to check the
effectiveness of the moderate and high-intensity
exercise training program and concluded that better
results were observed on the young(school-going)
population and significant results were obtained in
the high-intensity exercise training program
[21]-Mental health and cognitive ability were also
observed by the current study by using a digital span
test that comprised a set of figures that had to be
repeated in the forward (forward digital span test)
and in the back (backward digital span test).
Consistent results were obtained in the study
conducted on the teenager to evaluate the level of
memory improvements and the authorrevealed that
those who are involved in any physical activity like
sports or other training programs have better
memory and show significant improvement over
time [22].

The interaction effect between the two groups
(Experimental and Control) of the current study
revealed that the Greenhouse Geisser values
showed that there is a significant interaction effect
between interventions and time factor/assessment
in all domains of the Digital Span Test (forward) as
p>0.05 and non-significant for the Digital Span Test
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(backward) as p>0.05. The results were consistent
with the study conducted by Suda S who used a mini-
mental state questionnaire to evaluate the level of
mental health of the participants of acute stroke
who followed the exercise training program of 10
weeks [23].

There are a few limitations to the present study.
Firstly, the values are recorded solemnly on the
effectiveness of the training program provided to
the subjects. Several confounding factors like stress,
physical activity, and physical health were not
maintained. Secondly, the short-term effects were
observed in the enrolled population. Moreover, the
duration of the training program was standardized
irrespective of the participant’s mental ability i.e.,
both scruffy and smart female teenagers received
the same set and intensity of training which can
affect the outcome variables.

CONCLUSION

The high-intensity exercise training program is
beneficial for female teenagers to enhance their
cognitive abilities along with physical strengthening.
It also helps teenagers to increase their mental
health for better health and memory.

The long course of interventional treatment
should be monitored with a large sample size to
generalize the results with a better understanding.
Confounding factors like the performance of
physical activity, stress level, and physical health
issues that can delay the outcomes of interventional
therapy should be considered.
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